The birefringence technique has been used for the evaluation of order parameter in the nematic phase along with the density measurements, which are needed for the calculation of molecular polarizabilities of the compounds. Birefringence and density studies have been carried out on the three liquid crystalline compounds viz.
Introduction
Liquid crystalline material research has been contributed both to the development of liquid crystal display technology and also to the better understanding of phase behavior for soft condensed matter system. Thus the knowledge of physical properties is necessary. The attempts are continuously being made to study the material properties of compounds for better insight into the basic understanding of liquid crystalline behavior, so that a newer and more acceptable class of materials suitable for display devices is to emerge.
The orientational order parameter is considered to be one of the most important material parameter of the nematic phase, which determines all of its anisotropic properties and the relations between macroscopic and microscopic properties [1, 2] .
In the present work, the birefringence and dilatometry techniques [3, 4] are employed for the determination of refractive indices and densities at various temperatures. By using the refractive indices and density data, molecular polarizabilities and order parameters were estimated for the compounds viz., comp. 1: (E)-4-((4-(hexyloxy)benzylidene)amino)phenyl 4-butoxy benzoate * corresponding author; e-mail: khaji_fakruddin@rediffmail.com melting temperature 110 
Experimental
A polarizing microscope (SD-Techs)/1510 with hot stage is used to measure the transition temperatures. The substance is sandwiched between a glass plate and cover slip which is placed in heating block along with thermometer. The temperature of the hot stage is controlled by varying the voltage of the variac. The temperature is measured by thermocouple sensor which is placed in the heating block.
The refractive indices of the liquid crystalline compounds were measured with wedge shaped glass cell and modified spectrometer [5, 6] . A wedge shaped glass cell was prepared with two optical flat rectangular glass plates (50 mm × 25 mm) sandwiched with glass slide of 0.05 mm thick which acts as a wedge spacer. The cell is filled with the liquid crystal material. The liquid crystal material in the cell acts as a uniaxial crystal with its optic axis parallel to the edge of the spacer glass plate. The accuracy in the measured refractive indices was ±0.0005.
The U-shaped bi-capillary pyknometer in conjunction with cathetometer was used for the density measurements at various temperatures. The absolute error of the measurement of the densities is ±10 −4 g/cm 3 . The cooling rate during the measurement was 0.5 K/h.
For the estimation of the molecular polarizabilities of liquid crystalline compounds, the authors have considered the Vuks and Neugebauer models. The relevant equations of the two models are given below.
Vuks method
Recently Pardhasaradhi et al. [7] applied this method to estimate molecular polarizabilities of liquid crystalline molecules and the equations are as follows:
where N is the number of molecules per unit volume, n e and n o are the extraordinary and ordinary refractive indices of the LC molecule,n 2 = and N = N A ρ/M , where N A is the Avogadro number, ρ is the density and M is the molecular weight.
Neugebauer method
Subramanyam et al. [8] applied this method to liquid crystal molecules and recently Lalitha Kumari et al. [9] also used this method. According to this method the molecular polarizabilities are
where
N i is the number of molecules per unit volume in the isotropic phase. Using the above two models the molecular polarizabilities and the polarizability anisotropy (α e − α o ) of the above liquid crystalline compounds were calculated and illustrated in Tables I, II and III. 
Estimation of mean polarizability from modified Lippincott δ-function method
The modified Lippincott δ-function model is found to be effective [10, 11] for different types of liquid crystals. In the present study the modified Lippincott δ-function model has been used to estimate the mean polarizability in terms of parallel bond component ( α p ) the perpendicular bond component ( 2α ⊥ ) and the non-bond region electron contribution( α n ). The expression for the mean polarizability is given as
where the parallel bond component is given as 
Here n is the bond order, A -the δ-function strength, T is the temperature in the liquid crystalline phase, T C is the clearing temperature, R is the bond length, X A and X B are the Pauling electronegativities of atoms A and B in the bond AB, a 0 is the radius of the first Bohr orbit of the atomic hydrogen, and C R is the geometric mean molecular δ-function strength. For the second term on the right hand side of Eq. (5) we have
Here f j is the fraction of the non-bonded electrons of the j-th atom and α j is its atomic polarizability. For the third term in Eq. (5):
Here n df is the number of degrees of freedom given by 
where N is the number of atoms and n b is the number of bonds in the molecule.
Estimation of orientational order parameter in the nematic phase
In the Vuks method the order parameter is given by [7, 12] :
wherē
The order parameter in case of the Neugebauer method [13] :
Results and discussion
In the present investigation the refractive indices of the benzylidene amino phenyl benzoate liquid crystalline compounds with alkoxy chain length n = 4, 10, 12 and m = 6 are measured using modified spectrometer with small angled prism which houses the crystalline compound. The small angled prism is placed in a heating block for measurement of refractive indices with temperature and a monochromatic source of wavelength 589.3 nm is used. During isotropic-nematic phase transformation the incident light splits into two one higher and the other lower than the isotropic value called extraordinary n e and ordinary n o refractive indices. In the nematic region the value of n e increases where as the value of n o decreases with temperature and both attains saturation deep in nematic region. The variation of refractive indices with temperature in isotropic and nematic region is illustrated in Fig. 1 .
The temperature variation of density is measured by dilatometer attached with U-shape bicapillary pyknometer and represented in Fig. 2 . It is found that with rise in temperature density decreases and at phase transformations there are density jumps. The molecular polarizabilities are estimated by Vuks and Neugebauer internal field models and their molecular anisotropies are presented in Tables I, II and III. Further the mean molecular polarizability is evaluated by modified Lippincott δ-function model and the values are compared with Vuks and Neugebauer models and the results are shown in Table IV . The order parameter is evaluated for both Vuks and Nuegauber model and shown in Fig. 3 . 3. The mean molecular polarizabilities obtained from birefringence data using the internal field models due to Vuks and Neugebauer are in reasonably good agreement with modified Lippincott δ-function model;
4. The orientational order parameter evaluated using both the models shows decrease with increase of temperature;
5. The orientational order parameter estimated by the Vuks and Neugebauer method is in between 0.3 to 0.7 which is in accordance with literature data available;
6. The orientational order parameter value evaluated using the Neugebauer method is always low when compared to other methods. The same results are obtained in our investigations.
